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SUMMARY: A bovine a-casein eDNA clone was isolated from a eDNA library 
prepared from mammary gland mRNA. Sequence analysis revealed 25 nucleotides 
(nt) of the 5' noncoding region, 672 nt of the complete sequence coding and 
a 3' region of approximately 500 nt. When the nucleotide sequence of bovine 1)­-
casein eDNA is compa red to rat I)-casein a ispa   eDNA (5), high c  g  degree of homology 
observed in the fi rst 100 nt correspond i ng to the signal peptide of the pre- 1)­-
caseins. 
Bovine caseins represent a particularly well characterized group of 
proteins. and the amino acids of the four phosphoproteins comprising this 
system. a<1s 1-' ~2-' (3- and K-caseins, have been sequenced (1-4). 
Nucleotide sequence analysis has been performed on the caseins from rat 
(5,6), mouse (7), guinea pig (8,9) and sheep (10). Bovine a- 51 and K-caseins 
cDNAs have been completedlymp1ete l  sequenced (11,12),' and the bovi ne Clos 1-casei ni a  
structural gene has been isolated and compared to that of rat a-casein (19). 
However. only fragments of the eDNA coding for bovine a-casein have been 
characterized (13,14). 
Presented in this paper is the complete nucleotide sequence of the coding 
region of a ~-caseina eDNA clone isolated from bovine mammary gland mRNA. 
Cloning of a-casein cDNA performed with the intention ofI)-c e has been 
expressing the protein in yeast cells and, upon nt sequence manipulations, 
produci ng changes in the structure and functional ity of the protein in food­-
related appl ications. 
MATERIALS AND METHODS 
Escherichia col i RRI and JM 105 strains were used for constuction of the 
cDNAe  library and sequencing of the cloned plasmids, respectively. Total 
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--
nucleic acids were isolated   from bovine lactating mammary gland,. and poly (Al 
RNA was purified by oligo (dt) cellulose chromatography (15). cDNAs were 
synthesized according to Gubler and Hoffman (16) and,. after homopolymer 
tailing,. were inserted into the Pst I  site of pBR322. Following 
transformation,. the cDNA library was screened by coloning hybridization (15) 
using a mixture of the 16 different 14-base oligonucleotides coding for all 
possible degeneracies in the 143-147 amino acid sequence of a-casein. 
Restriction enzyme maps and Southern blots were performed as described in 
(15). Selected clones were	 sequenced according to a1.the method of Sanger et l  
(17)	 and by the double stranded DNA method of Chen and Seeburg (18). 
RESULTS AND DISCUSSION 
A total of 87 clones were obtained from 6000 colonies in the library, 
radio1abe1led Further restriction enzymeusing the i l l oligonucleotide probes. 
analysis of each clone with Pst I and Bst NI allowed selection of 20 clones 
based on the fragmentation patterns observed after agarose gel 
electrophoresis. Southern blots were obtained on the inserted fragments of 
each of the 20 clones,. which were excised by digestion with Pst I. A single 
clone containing a 1.2 Kb insert was selected and its Rae III fragments were 
subcloned into M13 mp19 for sequencing. The sequencing strategy is shown in 
Fi g. 1. It was conven i'ent to subclone fragments ori gna1i i~nt of the g l insert into 
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Figure 1. subcloning.Strategy for sequencing and 10  
The top line represents the 1.2 Kb nt seqment of the bovine a-casein cDNA. 
Only the restriction sites used in subcloning are shown. The Pst I sites are 
generated by the cloning procedure. The signal peptide and the coding region 
are shown by the thicker lines. The arrows under pJR 37 indicate sequencing
results from the method of Sanger et al. (17) and the arrows under pJR 60 and 
pJR 237 indicate sequencing result~m	 (18).1 the Chen and Seeburg method 
(Restriction enzymes P = Pst I S = Sea I H = Rae III D= Dra I) 
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* * * * ** GGA GAAll. TTG AGA GCC	 ATG GTC CTC ATC TGC GTG GCT CTl,A CTT AAA AAG ce AAG CTT GCC CTG t  
~Iet Lys Val Leu De Ala eyeIl  Leu C s Leu Val Ala Lel'l 
70 80 90 100 110 120
..	 	 ..
* *	 * * * * GCC CTT GAA GAAll. CTC AAT GTA CCG GAG ATT GTG GAll. AGC TCAGCA AGA GAG CTG ll. GGT A CTT 
Ar9 Glu Ile Val Glu Ser Leu SerAla   Leu Ala g Glu Leu Glu Leu Asn Val Pro Gly Glu D
-
130 140 150 160 170 180
..	 	 ..
* *	 * * * * 
eGC ATT GAAll.AGC AGT GAG GAAM TCT ATT ACA C ATC AAT AAG AAA GAG AAG TTT CAG AGT GAG 
Ser Glu Glu Ser Ile Thr Arg Lys Lys DeSer   Ile Asn Il  Glu Lys Phe GIn Ser Glu Glu 
190 200 210 220 230 240 
.. .. .. ..
* * * * * * CAG CAG CAA GAG GAT GAAll. CTC CAG GAT AAA ATC CAC CCC TTT GCC CAG ACA CAG TCTli. ACA 
GIn GIn GIn Thr Glu Asp Glu Leu GIn Asp Lys Ile His Pro Phe Ala GIn Thr GIn Ser 
250 260 270 280 290 300
..	 	 .. .. .. ..
* * * * * * CTA GTC CCT GGG CCC ATC CCT AAC CAATAT CCC TTC AGC CTC CCA li. AAC ATC CCT CCT CTT 
Ser Leu GIn lIeLeu Val Tyr Pro Phe Pro Gly Pro Ile Pro Asn Pro l Asn Il  Pro Pro Leu 
310 320 330 340 350 360
..	 	 .. ..
* *	 * * * * CAA 	 ACC CCT GTG GTG GTG CCG CCT TTC CTT CAG CCT GAAACT li. ll. GTA CTG GGA GTC TCC AAA 
Thr GIn Thr Pro Val Val Val Pro Pro Phe Leu GIn Pro Glu Val Leu Gly  Val Ser Lys   
370 380 390 400 410 420
..	 	 .. ..
* *	 * * * * GTG AAG GAG GCT ATG GCT CCT AAG CAC AAA GAA ATGll. CCC TTT ceT AAA'TAT CCA GTT GAG 
Val Lys Glu Ala Met Ala His Lys Glu Met Pro Phe Pro Lys Tyr  FroPro   Lys P  Val Glu 
430 440 450 460 470 480 
* *	 
..
* * * * CCC 	 TTT GAA AGC CAG AGC TTG ACT TTG ACT GAT GTT GAll. AAT CTT CAT TTG CCT CCTcec ACT ll. A
Fro Thr Glu Ser GIn Ser Leu Thr Leu Thr Asp Val Glu Asn Leu His Leu Pro ProP  Phe 
490 500 510 520 530 540 
..
* * * * * * CTC CTC eAG CCT CCA ACT GTC ATG TTT 
Leu Leu Leu GIn Ser Trp Met His GIn Pro His GIn Pro Leu Pro Pro Thr Val Met Phe   
TTG C TCT TGG ATG CAT CAG CCT CAC CAG CCT CTT ce
550 560 570 580 590 600 
..
* * * * * * CCT eCT CAG TCe GTG CTG TCC CTT TCT CAG TCec  AAA GTCC  e eTG CCT GTT CCCe C CAG AAA GCA 
Pro Pro GIn  Ser Val Leu Ser  Leu Ser GIn Ser Lys Val  Leu Pro Val Pro GInl  Lys Ala 
610 620 630 640 650 660 
* *	 
..
* * * * 
cec TAT CCC AGA GAT ece ATT GCC TTT eTGC  CTG TAC CAG eAGGTG e e CAG ATG ec CAG C  CCT GTA 
Val Pro Tyr Pro GIn Arg Asp Met Pro Ile GIn Ala Phe Leu Leu Tyr GIn GIn Pro Val  
670 680 690 700 710 720 
..•	* * *	 •* * * CTC GGT CCT GTC CGG GGA CCT TTC CCT ATT ATT GTC TAAli. GAG GAT TTT AAA GGA ATG cce 
Leu Gly Pro Val Arg Gly Pro Phe Pro De Ile Val --­Il -
730 740 750
•* * * GAA ACT GCG ACT GAA CCTC TAT TTT ll. TTG ll. ATA TGG 
Figure The nt ll-case;
2. sequence of bovine a- i nand its translated amino acids 
shown in the 5' to the 3' di rection. The underlined regions correspond to the 
signal peptide (16 to 70) and to the phosphorylation sites. 
the   expression plasmid pUC 18 in order to obtain sufficient nucleotide 
sequences adjacent to the homopolymer tails. 
The fragments sublconed into the SMA I site of the cloning region of 
pUC18 were  BaZ 31 cutinitially digested with the exonuclease l and then 
     
     
 
 
 
 
 
 
   
 
D~a 1 (isosquitzouer of Aka III). This yielded a population of fragments of 
different sizes as depicted in Fig. 1 (pJR 60 and pJR 23). This facilitated 
completion of the cDNA sequence in both directions. The complete translated 
coding region, including the 15 aminoacids of the signal peptide are shown in 
Fi g. 2. 
Comparison of the coding region of Bovine a-casein using a forward 
homology matrix with the reported coding sequence of rat a-casein (5) showed a 
Cow's a-casein 
30 60 90 120 150 180 210 J402 -non  300
• • ·. • • • • • • • 
II'p o 
FJ : : : :• •: • • :• :• :JF; o. . N • • • • • .N ,, • • 
•••••••5'" ~ j ~ ··f30)  ••••••••"  ; C?~~ ••••••••• j ~ ~ ~ 
~~ ~j j j j j. ~~ ~~ ~o  i jj~ ~ ~ ~ ~  
••••••••• : ••••••••~...J : •.••••.•• : : ••••••••• : ••••••••• : ••••••••.60 J : : : 
: ,!,J,:fJ,: : : : : : : ~
:' : : : : N: : : : :
· ... . .. .. .. . ... . . 
: : 0 : :.:: : : J:O : 0: : 
90 : : 0 : ••• " : : : : 00 .. :C? ":,, :
..	 . 
:: :::::: 0
· ..... . 
: 0 : : : :• : 0 
, : : : 0 : 0: : : : :1_0~ 	 : : •••0 : :.N" : !Ixo  . Ny : : : : 
• • • • 1-/.J'J • t • • • . : : : 0:	 ::.:
· . .	 ... 
: :.::  0: N'	  
c
... : : : : N . ~f' °0 IC. 0 : .:N: : 
CII ••.•1'1 l'l.t.I•••0o .150	 JJ.JJ  -.l'
OIl 
u 
• • • • • J N'v -w'1'1' • • .•
'" : : : : NO: 0..: : : :... : £L  ; U · • . 0 • 0.. -Xp '0' • • .. I • °. 
en P: : 0 :: :::; ;; : 
OIl : : : : : : p:180  :<:>0  '1':' : :
....  
'" 
· . • • . p; . . .~:: . : : : P: . . . ~
: :• ; ~ ; ;; 3JJJJ :: • • 
• "0'· J r . . 0
· : : : ° :00 : !J : : 0 :• • 0 .  J10	2  ••• : ••• .. ·:· •• : .. "0":0 ••••••0 ••N : .KO . · ······ .. ••• '  
: N: :..• 
00 o 
NJ : ; ::: : 0: • • J40	 • • III N • • • 0. . •2  o • . .•;~ ....... A~· .... ·· .. .. ·· .. ·.. .. ·· .. ;·
......... ~ ......... ;.(>~.(l....... ;· ··;~ ;···~  ~  ·~·· .. ··
.. .. :· ....~·Oo: ...... ·:
 
·" . . . .
· .	 . o : 
'
·· ... . .... ,..
·.. . .. . .. . .... ..  .. .. , . 
-non  :; ; ; ...•.••.• ;: ......••• ; ; .•••••..• ;•••.•••0.; ; : 
·: : • : •• :. . 0: NONO JJ •:• : • : o'
: E 
: ::: ::: N ~: :• •: ••: ::•• '.• A....: : : : : : -r;:
· o'· .• .• .• .• .• Jo .• 0 • 0 Jo ' 
300 : : ••••••••• : : :•.~ ~" : : : ••••Ro'!0•••  •C? : 
Figure 3. A computer generated forward homology matrix of the first 300 nt 
bovi ne a-casei n (x axis) and rat a-casei n (y aXis). Each poi ntof i n i  xi s i  on the 
graph represents a base in the middle of a sequence of 10 nt of which 7 are 
homologous between the rat and bovine caseins. The plot for bases 20 to 75 
represents the high homology of the signal peptides and the plot for bases 120 
to 210 represents the homology at the phosphorylation sites. 
 very
 high homology of the regions corresponding to the signal peptide, and the 
phosphorYlated segments of the caseins (Fig. 3). The nucleotides 
corresponding to these regions are underlined in Fig. 2. The Bal 31 generated 
fragments were screened fo r a-casei n express ion i n ~. col i us i ng pUC 18 as the 
expression vector and IPTG induction. Preliminary results indicate the 
presence of a-casein as detected by western blotting (data not shown). 
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